Introduction
The accurate analysis and measurement of food and environmental contaminants has been observed to be of a great challenge to analytical and environmental chemists [1] . This is due to the fact that most of this Some reviewers focused on the applications of solid phase microextraction in drug analysis [17, 18] , but this review focus on its use in pesticide analysis in fruits and vegetable samples
In this paper, a mini-review of solid phase microextraction (SPME) for the analysis of pesticide residues in fruits and vegetables is discussed. The use of chemometrics for the estimation and optimization of factors which affect extraction efficiency is also mentioned.
Pesticide Residues and Food Analysis
An estimate of 1 billion people went hungry in 2010, and with the ever increasing world population, there is need for 70% increase in global food production by the year 2050 [19] . The increase in world population which has led to drastic increase in demand for food supply has also led to tremendous rise in the application of chemical pesticides and fertilizers [12] . To increase agricultural production and meet the growing demand for food, pesticides are used for control of pest and vector of plant diseases [20] . Pesticides are also use in non-agriculture to control and eradicate carriers of vector borne diseases, such as malaria, yellow fever, typhoid fever and dengue, which are major public health concerns [21] [22] [23] .
A nutritious balanced diet plays a vital role in human health and well-being. Fresh fruits and vegetables therefore, constitute an important part of a balanced diet, due to the presence of significant amount of essential nutrient, minerals, vitamins and antioxidant compounds [24] . Different classes of pesticides have been used effectively to control pest and disease of fruit and vegetables, but they may penetrate into the tissue and remain as residues. The analysis of fruits and vegetables for the evaluation of pesticide residues is an important quality control procedure, put in place to reduce the misuse of pesticides and ensure food quality and safety for human consumption [9] . Hence, their concentration must always remain minimal in fruits and vegetables.
To ensure that the residues on fruits and vegetables are below levels which are not harmful to the consumers and ensure their quality, the joint Food and Agricultural Organization of the United Nations (FAO) and World Health Organization (WHO) Food Standard established the Codex Alimentarius Commission that set the maximum residue limit (MRL) for pesticides and other contaminants in fruits and vegetables. Several other countries also set a default MRL, through various monitoring agencies such as the United State Environmental Protection Agency (USEPA), United State Food and Drug Administration or regional organizations such as the European Union (EU) Commission and Parliament, although, the MRLs vary by countries [3] .
The monitoring of pesticides residues in fruits and vegetables is a priority objective in pesticide research in order to allow extensive evaluation of food quality and contamination, due to the increasing awareness of the health effect of their accumulation in the body. Therefore, there is need for fast, effective and efficient analytical methods, which allow the simultaneous determination of multiclass and multi-residue pesticides, with high selectivity and sensitivity, low cost, high sample throughput, less tedious and allows proper quantification of the residues [25, 26] . The analysis of fruits and vegetables for the presence of pesticide residues, belonging to different classes, with broad range of physicochemical characteristics, which are also present at trace level embedded in complex matrix, is not a simple task and poses a special problems for analytical and environmental chemists [27] .
The purpose of an analytical method is to evaluate and obtain information about the nutritional value, quality of the product and monitor the presence of pesticide residues and other food contaminants. Due to the complex nature of the fruits and vegetables samples, they cannot be directly handle by analytical instruments [10] , and the need for sample preparation step prior to the instrumental analysis.
3 Solid Phase Microextraction (SPME) SPME is based on the partitioning of analyte and establishment of equilibrium between the analytes in the sample matrix and the stationary phase of the coated fused silica, which can either be liquid or solid particles suspended in liquid polymer or combination of both [28] [29] [30] . The attainment of equilibrium depends on the partition coefficient [12] , which reflects the chemical composition of the extraction phase and hence, its selectivity towards a given analyte. It was developed by Pawliszyn and his co-workers in 1990 [31] , it eliminates the use of toxic solvent and facilitate a rapid, effective, efficient and field compatible sample preparation method [32] [33] [34] . The extraction phase is made up of a chemically inert fusedsilica optical fiber, metal alloy or stable flex coated on the outside with a thin film of sorbent containing polymeric organic compounds [29, 31] as the stationary phase. SPME extraction involve the exposure of the coated fused-silica fiber to the analyte that is contained in a septum sealed vial. This involve the piercing of the septum by the needle used to protect the fiber before the fiber is exposed to the analyte in the sample matrix for a predetermined time [32] . When the fiber is exposed, the extraction of the analyte is usually controlled by diffusion of analyte form the sample matrix into the fiber through the boundary layer between them, where equilibrium is established. SPME extraction can either be carried out in headspace (HS-SPME), direct immersion (DI-SPME) or membrane coated depending on the complexity or nature of the sample. There are four commercially available SPME fiber coatings. The HS-SPME involves the exposure of the fiber to the vapor phase above a liquid or solid sample [10] , where the analytes are extracted from the gas phase equilibrated with the sample matrix [35] . This method helps to protect the coated fiber from the effect of any nonvolatile high molecular weight compounds in the sample matrix, which binds irreversibly to the coating and often cause interference in the extraction process [36] . In the direct immersion mode, the coated fiber is inserted into the sample matrix, where the transport of the analyte from the sample matrix into the extracting phase is achieved [32] .
There are different parameters that influence the partitioning of the analytes between the sample matrix and the SPME fiber. When considering the optimization of parameters for fruits and vegetables analysis, the complex nature of the sample should be taken into consideration [36] . The amount of analytes extracted from fruit and vegetable samples depend on the nature of the stationary phase (fiber) and on the properties of the sample matrix. The most important method used in the optimization of extraction parameters is the consideration of the thermodynamic and theoretical models [37] , in the selection of a particular procedure for the development of method for the determination of pesticides in fruits and vegetable samples.
The kinetic theory describes the rate of an SPME process, which is determined by mass transfer and diffusive transport of analytes from the sample matrix to the fiber coating [38] . The mass balance in a dynamic system as described by the Fick's second law of thermodynamic shows that the mass transfer of analytes to the fiber is a fast process in gas phase [39] [40] [41] . The rate of SPME extraction can be calculated using a dynamic model, which involve the solving the mathematical equation of the second-order differential equation, resulting in simple analytical solution and the model based on steady state situation in which the rate of mass transfer between sample solution and headspace is equal to the rate of mass transfer between headspace and fiber coating [39] .
where n and n∞ is the amount of analyte extracted by the fiber coating prior to partition equilibrium and at equilibrium respectively, t is the extraction time and a n is a complex parameter which determines the speed at which equilibrium could be attained
The thermodynamic theory describes the relationship between the amount of analyte extracted and the initial concentration of analyte present in the sample matrix which is determined using Nernst's partition law [31] . In an equilibrium situation, there exists a linear proportional relationship between the amount of analyte extracted (n) and the initial concentration of the analyte present in the sample matrix (C o ), which is described by the relation n α C o for quatitative analysis [42] . The amount of analyte extracted is dependent on the distribution coefficients between the fiber and the sample (K fs ), volume of the fiber coating (V f ) and the initial concentration of the analyte and is independent on the sample volume [43] . This can be expressed using the equation:
The partition coefficient or equilibrium constant is expressed as the concentration of analyte in the fiber coating (C f ), the concentration of analyte in the sample matrix (C s ) and the concentration of analyte in the headspace (C h ). The extraction process is completed when the concentration of the extracted analyte reaches equilibrium between the sample matrix and the fiber coating as described by Eq. (3.1) for one interface and Eq. where C s are the equilibrium concentrations of the analyte in the sample matrix, fiber and the headspace respectively.
The optimization of the SPME conditions for fruit and vegetable samples involve: selection of extraction mode, fiber coating, extraction time and temperature and desorption time and temperature, agitation, salt addition, pH, dilution and solvent addition [2, 10, 36, 45, 46] . All these conditions are developed, optimized and validated for effective extraction and quantification of pesticide residues from the complex fruit and vegetable matrices. This is as a result of the fact that extraction step largely determined the figures of merit of an analytical methodology [47] , such as sensitivity, repeatability, reproducibility, precision and accuracy, limits of detection, quantification and linearity in pesticide analysis.
The first and the most important factor to be considered is the selection of fiber coatings, this is because the extraction efficiency depends largely on the distribution constant between the fiber coating and the sample matrix [36, 46, 48] . Although, the choice of commercially available fiber is limited and with a number of shortcomings [2, 49] , this include its thermal instability, mechanically weak and its fragility. Thus, over the years, more stable fiber coatings have been developed using conducting polymers, molecularly imprinted polymers, sol-gel sorbents, ionic liquids and nanomaterials [2, 3, 48] , to complement the commercially available fiber coatings such as nonpolar polydimethylsiloxane (PDMS), polar polyacrylate (PA), and mixed coatings such as PDMS/ divinylbenzene (DVB), PDMS/DVB/carboxen (CAR), carbowax (CW)PDMS, CW/DVB and CW/template resin (TPR) [2, 10, 15, 36, 48] .
Optimization of the extraction mode should be carried out on the basis of the volatility of the target analytes, their affinity [46] to the sample and the nature and complexity of the sample matrix. The extraction mode can either be headspace (HS-SPME), direct immersion (DI-SPME) and memebrane-protected (MP_SPME). The most widely used modes for the analysis of fruits and vegetables are the HS-SPME and DI-SPME modes [2, 9, 36, 48] . The thickness of the fiber coating is time dependent, as thicker fiber takes a longer time to attain equilibrium [3] Other factors which are related to the sample matrix and are dependence on each other include: (i) sample temperature; this affect the distribution constants and diffusion coefficient. It has dual effect on the extraction efficiency, increase in temperature increases the extraction rate by increasing the diffusion coefficient, while it could also lead to decrease in the distribution constant [2, 3, 46] . The two opposing effects must be optimized to achieve better selectivity. Temperature is highly dependent on the extraction time because the higher the temperature the lower the equilibration time. (ii) Salt addition, addition of a known amount of salt increases efficiency, as it increases the ionic strength of the sample matrix and increases the distribution constant of the analytes [2, 3] . Thus, saltingout causes the analytes molecules to pass readily onto the fiber coatings, although this may also affect the interfering compounds [36, 46] . (iii) Sample volume, the amount of analyte extracted increases with increase in sample volume up to an optimal point, after which the sensitivity does not increase with further increase in sample volume [46] , but it is often limited to the volume of commercially available sample vial [36] . (iv) pH, since the fiber coating extract the target analytes in their neutral state, therefore adjusting the pH of the sample matrix enhances the conversion of analytes into their neutral forms [3, 36, 46] . (v) Agitation, stirring increases mass transfer thereby reducing the diffusion layer and increases the rate of extraction. But the optimization of agitation/stirring rate should be carefully done, because higher stirring rate can lead to poor precision and accuracy due to air bubble formation in the sample matrix [3, 34, 50] . Different stirring methods have been described elsewhere [3, 46, 51] . (vi) Organic solvents, the addition of organic solvents also affect the efficiency of SPME extraction. Although, it should not be more than 5% of the sample volume. (vii) Water content/ dilution factor, dilution of the sample matrix with water facilitates the release of analyte from complex matrix and helps to protect the fiber coating and reduces matrix effect [3, 36, 41, 46] . (viii) Desorption time and temperature, this ensures the complete transfer of the extracted analytes from the coated fiber into the desorption chamber of chromatographic instrument (for gas chromatography), other GC factors that needs to optimize but which has little effect on the extraction efficiency is the carrier gas flow rate, interface temperature, column temperature, while for liquid chromatography, types, nature and volume of desorption solvents should also be optimized [36, 46] . (ix) Calibration method is also an important factors to be considered, but it largely depends on the application, nature of sample and its complexity [3, 34, 46] . Different calibration methods used by various researchers have been reviewed in recent literatures [3, 34, 35, 52] . All these factors some of which are inter-dependent must be optimized using design of experiment to determine their main and interaction effects.
Multivariate SPME Experimental Design
The use of design of experiment (DOE) is gaining an increasing popularity in analytical chemistry and has been described as very vital, since it helps to optimize the most effective factors which can improve the performance of an analytical method, a process or a product [53] . The univariate optimization also called One-Factor-at-a-Time (OFAT) of SPME technique involves optimizing each factor once at a time, in which other factors are kept constant except the one being optimized and it involves many experiments [54] . This does not allow the estimation of possible interaction between the studied factors. DOE is used in order to understand the main and interaction effects of each factor and model the relationship between the factors and response with a minimal number of experiments carried out in an orderly and efficient manner [55] .
The use of Plackett-Burman (P-B) and factorial designs for the determination of the significant factors helps to screen out factors which has little or no effect on the extraction efficiency as measured by the peak area of a chromatogram and also helps to predict the behavior of other factors [56] . P-D design has 4n experiments, which avoids the complexity and limitations of full factorial design [54] , and main effects are confounded with interaction terms, thus interaction is completely ignored and the main effects are calculated, while interaction effect can be studied later. Factorial design, which could be used to estimate the combine effect of two or more variables allows the determination of main effect and interaction effect of all possible combinations of factors and levels [57, 58] . It can either be design as a full factorial or fractional factorial design. Table 1 , shows the P-B design matrix generated using Minitab® statistical software package version 16 (Minitab Inc., State College, USA) [59] , for the screening of 11 factors with 12 experimental run, randomly performed in duplicate for a total of 24 experimental runs. The design uses two levels of each factor under consideration. The central composite design (CCD), Box-Behnken Design (BBD), Doehlert Design (DD) and three levels full factorial design are second order a Generated using Minitab 16 statistical software design used to determine the interaction effect and the optimal extraction conditions using a response surface methodology (RSM) [60] . In our recent publications, a P-B design was used to determine the significant of 8 factors affecting the SPME analysis of 14 pesticide residues in 4 fruit and vegetable samples followed by the optimization of the significant factors using a central composite design [61] , and the results were illustrated using pareto chat (Fig  1a) , normal plot (Fig 1b) , response surface plot (Fig 1c) and desirability surface plot (Fig 1d) , while a 2 3 randomized factorial design was used to determine the main and interaction effect of 3 factors at 2 levels on the extraction efficiency of 4 pesticide residues in apple samples [62] .
Conclusion
The need for frequent monitoring of pesticide residues and other contaminants in food commodities has led to the development of various sample preparation techniques. The SPME technique has proved to be efficient, fast, and accurate for qualitative and quantitative analysis of pesticide residues in fruits and vegetables, and has continued to attract the attention of various stakeholders in the agricultural and food industries. The use of microextraction technique is emerging as a very reliable sample preparation method, while employing little or no solvent. The advantages of microextraction over the traditional methods include their simplicity of operation, rapid sampling, low cost, high recovery and enrichment factor and being environment-friendly. Solid phase microextraction remains the best environmentally friendly sample preparation and extraction technique because of its solvent-less nature.
Due to its ease of automation, less volatile analytes, that are not amenable to GC can easily be quantified with HPLC, because the extraction steps are the same irrespective of the chromatographic instruments. Food analysis is very important for quality monitoring, control, and assurance. Therefore, the SPME sample preparation described in this mini-review has been shown to be very effective, efficient, rapid, and versatile for the analysis of pesticide residues and other contaminants from fruits and vegetables and from other food samples.
The use of chemometric approach to the screening and subsequent optimization of extraction parameters has helped to reduce analysis time and also help to determine the best optimized parameters. The combination of microextraction and chemometrics, enhances better recoveries and precisions and also improves detectability of the target analytes and an improved method validation. The experimental design, involved the use of a PlackettBurman (P-B), which is a first order design, with a 2 (resolution III) reduced factorial for the screening of the most important factors affecting the SPME efficiency and recovery of pesticide residues from fruit and vegetable samples. This helps in the estimation of the significant factors affecting extraction efficiency, although it does not yield exact quantity, but provides valuable information on each variable with relatively few and reasonable experimental runs.
The significant factors can be further optimized by the use of second-order central composite design (CCD) utilizing a response surface methodology (RSM). The number of points in CCD contains a factorial run of 2 k , axial runs of 2k and C o center point runs, which results in the total experimental runs given by: N = 2k + 2k + Co, where k and Co are the number of variables and the number of central points respectively.
